T HE role of phospholipid in the development of atheromatosis in the eholesterolfed rabbit has been examined extensively in tliis laboratory. It has been shown that an increase in the concentration of aortic phospholipids occurs after only 2 months of cholesterol feeding. 1 This process readies a maximum at about 3 months, and is most pronounced in the cholinecontainiug phospholipids lecithin and sphingomyelin. 2 These 2 phospholipids show the greatest increase in human atheromatosis. 3 Our experiments in rabbits have indicated that the iucreased phospholipids of the aortic plaque probably arise by synthesis de novo in the arterial tissue. They thus represent an alteration in the metabolic activity of the arterial wall in response to cholesterol feeding.
To investigate our hypothesis that this accumulation of phospholipid in the arterial wall is a connective tissue reaction, we extended the preliminary studies of Boucek and Noble 4 indicating a high phospholipid concentration in connective tissue from surgical sponge implants in cholesterol-fed rabbits. In addition, the lipid metabolism of connective tissue prepared by the injection of a sulfated polygalactose, "carrageenan," was investigated.
Methods Ivalon surgical sponge was implanted in the subcutaneous space on the dorsuni of rabbits according to the technic of Boucek and Noble. 5 The animals were locally anesthetized with ethyl chloride, and sponges were placed through a single midline incision, with the observance of aseptic precautions. Following implantation, the rabbits were divided into 2 groups, 1 of which received ordinary rabbit chow (Purina) and the other of which received 1 Gin. cholesterol 0 plus 2.6 Gin. fatt daily, mixed with the chow. At the end of 3 weeks, rabbits were injected intravenously with P 32 -phosphate and were sacrificed 6 hours later. The sponge was stripped of its capsule before analysis.
To obtain better yields of connective tissue, as well as to circumvent 2 problems encountered in the above experiments, viz., the difficulty of cutting good histologie sections of sponge tissue and the presence of infected areas in some sponges, the technic developed by Robertson and Schwartz 0 was adopted in more recent experiments. These workers demonstrated that the injection of carrageenan, a water-soluble extractive from the red seaplant Chondrua crispus, stimulates the rapid growth of collagenous connective tissue in the guinea pig. Preliminary experiments in rats indicated that autoclaved carrageenan was not a potent stimulus to connective tissue growth. Sterile 0.9 per cent N a d therefore was used to prepare n. 1 per cent suspension of carrageenant immediately before use, and 20 ml. was injected into an air space produced in subcutaneous tissue of the dorsum of rabbits. Following injection, the rabbits were divided into control and cholesterol-fed groups, as in the sponge experiments. After 3 weeks and 5 weeks on diet, the animals were injected with P 32 -phosphate and sacrificed 6 hours later. The connective tissue produced in response to carrageenan was carefully dissected free from muscle and skin, and was subjected to chemical and histological analysis. Tissues were fixed in 10 per cent formalin for histological study, imbedded in paraffin, sectioned at 10/x, and stained with hematoxylin and eosin.
Purified chloroform-methanol extracts of the finely minced tissues obtained in both experiments were prepared by the method of Folch et al. 7 Cho-*Generously supplied by Merck and Company. fKopald vegetable fat, Humko Company, Memphis. fSeaKem type 21 carrageenan was kindly supplied by Mr. Leonard Stoloff, Marine Colloids, Inc., New Bedford, Mass.
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Circulation Research, Volume VIII, July I960 lesterol, and radioactive and total phospholipid phosphorus were determined as described in a recent publication from this laboratory. 1 Individual phospholipids were isolated by adsorption of 25 nig. phospholipid on 4 Gin. activated silicic acid in a 1-cm.-diameter column. Noncholine-eontaining phospholipids, "eephalins," were eluted with 50 ml. 20 per cent methanol in chloroform, at a flow rate of 0.5 ml./min., followed by elution of eholinecontaining phospholipids by 50 ml. methanol, using a method evolved in this laboratory by Liu. Sphingomyelin and lecithin phosphorus were separated by saponiflcation, as described previously. 2 To determine collagen, minced tissues were extracted 3 times in 5 ml. of water per Gin. of tissue by heating in a pressure cooker at 15 lb. pressure, for 1 hour. Aliquots were sealed in pyrex tubes and were subjected to hydrolysis with concentrated HC1 at 100 C. for 6 hours, as suggested by Vance. 8 The dried digest was analyzed for hydroxyproline by the method of Neunian and Logan. 8
Results and Discussion
The present studies confirm and extend the observation of Boucek and Noble 4 that the phospholipid content of connective tissue cultured by the sponge implantation technic, is increased in the cholesterol-fed rabbit. Table  1 shows the concentration and specific activity of the phospholipid of connective tissue collected in this manner, and demonstrates that this increase in concentration occurs without significant change in specific activity. The connective tissue data parallel the findings in aorta and aortic intima of the eholesterolf ed rabbit. 1 ' 2 Table 2 shows the cholesterol concentration, the phospholipid concentration and specific activity of connective tissue produced in response to the sulfated polygalactose polymer carrageen an. A similar increase in total phospholipid in the cholesterol-fed animals was observed in this type of tissue, both in samples removed 3 weeks and those removed 5 weeks after carrageenan injection. As in the connective tissue grown in sponge, cholesterol feeding did not affect the specific activity. Analysis of individual phospholipids, in the tissue removed at 3 weeks, indicates that the choline-eontaining phospholipids lecithin and sphingomyelin are increased to a greater extent than are the eephalins. The differences observed in this tissue parallel qualitatively the phospholipid increments observed in the aortic intima of rabbits fed cholesterol for a much longer period. However, the relative increase in sphingomyelin was not so pronounced in the connective tissue. Increases in the tissue removed at 5 weeks were qualitatively similar, but were not found to be statistically significant, which may be related to the small number of animals used. When the values obtained at 3 and 5 weeks were pooled and analyzed by the technic of Scbeffe, the differences in concentration of sphingomyelin and lecithin between cholesterol-fed and control animals were significant at the 1 per cent level. The connective tissue cholesterol was increased 7 to 8 fold by cholesterol feeding, which is not surprising, as most tissues exhibit a cholesterolosis under these circumstances. Aortic and hepatic tissue in particular accumulate cholesterol during a prolonged feeding period, and in an earlier series of rabbits, exhibited a 15-fold increase in 3 months on diet. 1 Similar findings had been reported by Weinhouse and Hirsch. 10 On the other hand, they found only a 2-fold increase in aortic, kidney, and lung cholesterol, and we observed that heart muscle cholesterol concentration was increased only 2 to 3 times in the animals above.
To relate this lipid accumulation to the rate of maturation of connective tissue, the collagen content of the tissue collected in the carrageenan experiments was estimated by analysis for hydroxyproline. As table 3 indi- cates, the differences in collagen concentration of connective tissue in the 2 groups were not statistically significant. As a matter of fact, at the 5-week interval, a higher proportion of collagen was found histologically, and a higher concentration demonstrated chemically, in 3 of the 4 control rabbits. It seems probable that this is related to the histological finding of large fat-filled cells in all of the animals fed cholesterol for 5 weeks, to be described subsequently. The dry defatted weight of connective tissue was not different in control and experimental animals; the phospholipid and cholesterol differences, therefore, do not represent alterations in water content incident to cholesterol feeding.
Histologically, the connective tissue formed 3 weeks after carrageenan injection was characterized as early connective tissue ( fig. 1 ), being very cellular and containing only moderate amounts of collagen. A slight foreign body reaction occurred in 2 experimental animals, and a marked reaction in 1 control ( fig. 2 ). Thus, carrageeuan exerts a similar effect on the growth of fibrous connective tissue with minimal inflammatory reaction in the rabbit, as in the guinea pig. Its effect, however, is achieved more slowly. Jackson 11 indicates in the latter species that the size and collagen content of the granuloma are maximal in 1 to 2 weeks, and decrease gradually thereafter. At 5 weeks the tissue contained more collagen ( fig. 3) , correlating with the chemical analysis of aliquots of the same tissue. Tissue from the cholesterol-fed animals contained, in addition to collagen fibers and fibroblasts, mature fat cells and fat-filled cells resembling macrophages ( fig. 4) , none of which were seen in the tissue from control animals. As mentioned before, 1 of the control animals did not show much collagen development histologically; Circulation Research. Volume VIII, July I960
Figure 1
Early connective tissue obtained from a control rabbit after 3 weeks growth. The tissue is very cellular and shows early collagen formation; X 74.
Figure 2
Foreign body reaction to carrageenan in a cholesterol-fed rabbit after 3 weeks growth. There are numerous giant cells and lymphocytes in the connective tissue; X 74. the granuloma dissected from this animal was much smaller than, and was not as clearly defined as those found in the other rabbits. The tissue appeared to be connective tissue originally present, rather than that proliferated in response to the carrageenan. This animal's tissue contained the lowest amount of collagen of the control animals.
To interpret these experiments on actively proliferating connective tissue in relationship to the problem posed by the atherosclerotic process, one should bear in mind that both rabbit and human atheromas develop in that part of the arterial wall which is predominantly fibrous connective tissue. The present investigation used connective tissue cultured in vivo, bearing certain similarities to and exhibiting certain differences from arterial wall connective tissue. By 2 different experimental technics, viz., by implantation of surgical sponge and by injection of carrageenan, an excess of relatively undifferentiated connective tissue was prepared. This tissue consisted chiefly of fibroblastic elements which demonstrated their ability to proliferate collagenous fibers as does the arterial wall. The appearance of fat-filled macrophages in the connective tissue from the cholesterol-fed rabbits, constituting a histological difference from control animals, is reminiscent also of the foam cells Circulation Research, Volume VIII, July I960 of the atheroma. In this tissue, cholesterol feeding induced increases in both phospholipids and cholesterol. It is significant also that the increased concentration of phospholipid occurred without change in its specific activity, a phenomenon paralleling that in the aortic intima.
On the other hand, there were real differences between the rabbit atheroma and the connective tissue stimulated by carrageenan. The latter represents a highly cellular early connective tissue, actively proliferating in response to a foreign stimulus, whereas the tissue from which the atheromas develop consists primarily of mature elements. The greater increase in choliue-containing phospholipids than in cephalins in the 3-week connective tissue, comparing qualitatively with the observation in rabbit and human atheromas, must be interpreted with caution, since this was not confirmed in the 5-week tissue. Nevertheless, the data presented indicate certain similarities in the response of both arterial and artificially-cultivated connective tissue lipid metabolism to the stimulus of cholesterol feeding, and suggest that part of the aortic changes, at least, are related to the growth of connective tissue.
The data on collagen suggest that the lipid alterations are not an expression of the forma-
Figure 3
Dense connective tissue obtained after :"> weeks growth in a control rabbit; X 74.
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Figure 4
Connective tissue with numerous fat-filled "foam cells" obtained from a cholesterol-fed rabbit after 5 weeks growth; X 74. tion of collagen in response to an abnormal stimulus, for there were no differences in collagen in the 2 groups of animals. Lipid accumulation in response to cholesterol feeding was apparent in tissue garnered even earlier than 3 weeks, at which time no collagen had appeared. It is apparent that collagen development and lipid changes are not related directly and represent independent processes of the connective tissue cells. The technics now available for the production of masses of connective tissue should facilitate a new approach to the investigation of the role of this tissue in the atheromatous process.
Summary
Subcutaneous injection of earrageenan, a sulfated polygalactose extracted from the red algae Chondrus crispus, stimulated the production of fibrous connective tissue in the rabbit. Animals fed cholesterol for 3 and 5 weeks had significantly higher phospholipid concentrations in this connective tissue than did control rabbits, but no alteration in phospholipid specific activity. These results are similar to those obtained in preliminary studies of connective tissue cultured by the sponge implantation technic.
Significant increases occurred in cephalin, lecithin, and sphingomyelin concentrations in tissue proliferated after earrageenan injee-tion. The cholesterol content of connective tissue was increased 7-to 8-fold.
Histologically, the tissue taken after 3 weeks of cholesterol feeding could not be distinguished from that of control animals. At 5 weeks, connective tissue from cholesterol-fed rabbits contained mature fat cells and matrophages resembling foam cells, in addition to the fibroblasts and collagen present in control tissue. Development of collagenous fibers and alterations in lipids were not found to be directly related. It is suggested that the elaboration of collagen and the accumulation of phospholipid, both of which occur in experimental atheromatosis, represent independent processes of connective tissue cells.
Esseva constatate augmciitos significative del concent.nitiones de cephalina, lecithin:), e spliiiigomyelina in tissn proliferate post injectioncs do carraglieenano. Lc contcnto do cliolesterol in lo tissu conjunctive csseva augmentatc a 7 o 8 vices le valor de controlo.
In tcrminos liistologic le tissu prendite post 3 septiinanas de alimentation a cholesterol non poteva osser distinguitc ab jHo del aniinales de controlo. Post 5 septimnnas de ille alimentation, le tissu conjunctive contincva niatur cellulas de grassia e macrophagos rosimilante cellulas spumose, a parto le fibroblaatos e le collageno presente in tissu de controlo. Essova, constatate nulle relation dirocte inter le disveloppameiito de fibras collagenose c le occurrentia de alterationes lipidic. Es opinato que le elaboration do collageno e lo accumulation do pliospholipido-que ambes occurre in atheromatosis experimental-repre-.senta processos independente in cellulas de tissu conjunctive.
